Experimental Procedures
Materials. NH 4 F (40 wt.% in H 2 O), HF (48 wt.%), Cs 2 CO 3 (99.995%; trace metals basis), Li 2 CO 3 (99.999%; trace metals basis), and Cu foil (99.8%; metals basis, 0.025 mm thick) were purchased from Fisher Scientific. CuSO 4 ·5H 2 O (99.999%; trace metals basis), Na 2 EDTA (99.0 − 101.0%; ACS Reagent), 2,2-bipyridine (≥ 99%; ReagentPlus), HCHO (35 wt.%; 10% methanol as stabilizer), NaOH (99.99%; trace metals basis), KHCO 3 (≥ 99.95%; trace metal basis), and D 2 O (99.9 atom %D) were purchased from Sigma Aldrich. Polycrystalline diamond pastes were purchased from South Bay Technologies (San Clemente, CA) or Electron Microscopy Sciences (Hatfield, PA). Ar (Ultra High Purity), CO (99.999%), CO 2 (5.0 research grade) were purchased from Air Gas. For all experiments, high purity water (18.2 MΩ cm) derived from Barnstead Nanopure Diamond system (APS Water Services; Lake Balboa, CA) was used.
Cu Thin Film Preparation. Polycrystalline copper films were electrolessly deposited onto the reflecting pane of a 60
• Si prism (Pike Technologies; Madison WI). The Cu thin films were prepared by a chemical plating technique previously reported, 1-3 with slight modifications. The reflecting surface of the prism was sequentially polished with 6, 1, and 0.5 µm diamond pastes for 10, 15, and 10 min respectively. Remnants of polish were rubbed off with a wet Kim-wipe under the constant flow of Nanopure water for 5 − 10 min. The crystal was then sonicated in water, acetone, and then water for 10, 5, and 5 min, respectively. The surface was then etched by immersion into aqueous 40 wt.% NH 4 F (25 • C) for 30 s. After rinsing with Nanopure water, the surface was then Cu-seeded with a 0.5 wt.% HF bath containing 750 µM CuSO 4 (25 • C) for 1.5 min. The reflecting surface was rinsed with Nanopure water and immersed into a plating bath (0.25 M HCHO, 0.02 M CuSO 4 , 20 mM Na 2 EDTA, and 0.3 mM 2,2-bipyridine; pH=12; T=54−55 • C ) for 4 min. To electrically connect the thin film with the potentiostat, a ring of Cu foil was clamped between the circular edge of the film and a Viton O-ring sealing the electrochemical cell. After assembly of the cell, the resistance of the Cu film was measured to be 2 − 10 Ω. Immediately following the assembly, the copper film was covered in 4 ml of electrolyte. After purging the electrolyte with Ar at a flow rate of 5 sccm for 20 min, the film was treated with five cleaning voltammetric cycles from 0.09 to −0.48 V vs. SHE at a scan rate of 50 mV s −1 (Fig. S1 A) . The potential was then linearly scanned to a potential of −0.38 V vs. SHE at 10 mV s −1 and the Cu film capacitance was determined using the method described below. (Fig. 6) 
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